The synthesis of 2-exo-hydroxy-3-ferrocenemethylidene-10-sulfonamido-camphane derivatives with 2-endo-positioned heterocyclic substituents was realized through addition reactions of N-, O-, and S-containing organolithium reagents. These chiral β-heteroatom-containing alcohols were found to catalyze effectively the addition Et 2 Zn to benzaldehyde with up to 76% degree of enantioselectivity.
Introduction
The synthesis of chiral amino-alcohols, first reported by Oguni and Omi, 1 to catalyze enantioselectively the addition of diorganozinc compounds to aldehydes, still attracts considerable interest due to the utility of the secondary alcohols formed by this reaction. 1,2 Over the past decades a large number of amino-alcohols has been synthesized and tested as ligands. [1] [2] [3] One of the most potent amino-alcohols used as a catalyst is the dimethylamino-isoborneol investigated by Noyori. 4 Therefore the large number of efforts for synthesis of ligands containing the bicyclic camphene core is highly justified. In recent years, a large variety of amino-alcohols starting from camphor, 5 fenchone, 5d-i, 6 camphor-10-sulfonamides 7 and similar chiral compounds 8 have been prepared and used as catalysts.
It is important to point out that chiral amino-alcohols have been applied as chiral catalysts in several different type of chemical reactions, e.g., hydride reductions, nucleophile additions to carbonyl compounds, aldol reactions, Diels-Alder reactions, and also as auxiliaries for synthesis The yields of the isolated 1-phenyl-1-propanol were in all cases excellent. The observed enantioselectivities were low to moderate. Comparison of 11 with the published results for 2-endo-pyridyl-isoborneol (observed 41% ee R) 5d shows, however, that there is a lowering of the enantioselectivity with formation of the S-enantiomer. In all cases, the use of toluene as solvent , 6.42; Fe, 12.26; N, 3.08; S, 7.04. Found C, 60.55, H, 6.75, Fe, 12.06, N, 3.28, S, 6 12.26; N, 3.08; S, 7.04. Found C, 60.71, H, 6.70, Fe, 12.11, N, 2.90, S, 7 .20%.
1-((1-S-, 2-R-,4-S-,E-)-3-Ferrocenylmethylene-2-(1-ethyl-1H-imidazole-2-yl)-2-hydroxy-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethyl methanesulfonamide (10).
To a solution of 1-ethylimidazole (0.19 g, 1.98 mmol) in 5 ml hexane and 5 ml THF was added dropwise n-BuLi (1.36 ml, 2.18 mmol of 1.6 M solution in hexane) at -90°C. The temperature was allowed to rise to -20°C within 1 h. Then it was cooled to -60°C, and 4a (0.30 g, 0.66 mmol) was added at this temperature. The mixture was warmed slowly (1 h) to -20°C and during this time 4a was consumed (monitored by TLC, Et 2 O: aq. NH 3 = 300:1). The mixture was quenched with water (10 ml). The water phase was extracted with Et 2 O (3×20 ml). The organic phase was dried (Na 2 SO 4 ) and evaporated to dryness. , 6.76; Fe, 10.13; N, 7.62; O, 8.70; S, 5.81. Found C, 61.23, H, 6.87, Fe, 9.83, N, 7.44, S, 6 .00%.
1-((1-S-, 2-R-,4-S-,E--)-3-Ferrocenylmethylene-2-hydroxy-7,7-dimethyl-2-(pyridin-2-yl)-bi cyclo-[2.2.1]-heptan-1-yl)-N,N-dimethyl methanesulfonamide (11).
To a solution of 4a (0.25 g, 0.55 mmol) and 2-bromopyridine (0.087 g, 0.55 mmol) in 3 ml THF was added at -80°C nBuLi (0.33 ml, 0.83 mmol of 2.5 M solution in hexane). After stirring for 2 h at -80°C the mixture was quenched with dilute aq. NH 4 Cl (10 ml) and extracted with Et 2 O (3×20 ml). The organic phase was dried (Na 2 SO 4 ) and evaporated to dryness. 10.45; N, 5.24; S, 6.00. Found C, 62.72, H, 6.69, Fe, 10.66, N, 5.01, S, 6 .22%.
1-((1S,2R,4S,E-)-3-Ferrocenylmethylene-2-(furan-2-yl)-2-hydroxy-7,7-dimethylbicyclo-[2.2.1]heptan-1-yl)-N,N-dimethylmethanesulfonamide (12).
To a solution of furan (0.158 g, 2.32 mmol) in 3 ml hexane and 3 ml Et 2 O was added dropwise at 10°C n-BuLi (1.22 ml, 1.94 mmol of 1.6 M solution in hexane). The mixture was stirred for 30 min at R.T. and, after cooling to 0°C, 4a (0.30 g, 0.66 mmol) was added. The reaction was monitored by TLC (petroleum/Et 2 O = 2:1). After stirring for 24 h at R.T. the reaction was quenched with water (5 ml) and extracted with Et 2 O (3×20 ml). The organic phase was dried (Na 2 SO 4 ) and evaporated to dryness. 
1-((1S,2R,4S,E)-2-(Benzofuran-2-yl)-3-ferrocenylmethylene-2-hydroxy-7,7-dimethylbicyclo-[2.2.1]-heptan-1-yl)-N,N-dimethyl methanesulfonamide (13).
To a solution of benzofuran (0.28 g, 2.38 mmol) in 8 ml THF was added dropwise at 0°C n-BuLi (1.24 ml, 1.98 mmol of 1.6 M solution in hexane). The mixture was stirred for 1 h at R.T. and then 4a (0.30 g, 0.66 mmol) was added. The reaction was monitored by TLC (petroleum:Et 2 O = 2:1) until 4a was consumed (1 h). The mixture was quenched with water (5 ml) and extracted with Et 2 O (3×20 ml). The organic phase was dried (Na 2 SO 4 ) and evaporated to dryness. The remaining crude product was chromatographed (Ø = 30 mm, h = 320 mm, 80 g silica gel, petroleum:Et 2 O = 5:1), to give 13 (0.313 g, 83%) as a yellow solid; mp 107-110°C. 1H, 1H, 2H, 6.73 (d, 1H, J = 0.7 Hz), 6.25 (s, 1H, 4.44 (s, br, 1H, 4.33 (s, br, 1H, 4.30* (s, br, 1H, 4.26* (s, br, 1H, 4.19 (s, 5H, Cp), 3.68 (d, 1H, J = 14.9 Hz), 3.29 (d, 1H, , 64.92; H, 6.15; Fe, 9.74; N, 2.44; S, 5.59. Found C, 64.75, H, 6.38, Fe, 9.97, N, 2.61, S, 5 .34%. . To a solution of n-BuLi (1.04 ml, 1.66 mmol of 1.6 M solution in hexane) in 2 ml hexane and 2 ml THF was added within 10 min. at 0 °C thiophene (0.17 ml, 1.99 mmol). The mixture was stirred for 1 h at R.T. and then 4a (0.25 g, 0.55 mmol) was added. The reaction was monitored by TLC (petroleum:Et 2 O = 2:1). After stirring for 1 h at R.T., the reaction was quenched with water (5 1 H NMR (250 MHz, CDCl 3 , 300 K): δ = 7.3 (dd, 1H, 5'-H, J = 4.1, 2.2 Hz), 7. 03-6.99 (m, 2H, 3'-H, 4'-H), 6.22 (s, 1H, 12-H), 4.40-4.39 (m, 1H, 17-H), 4.31-4.30 (m, 1H, 14-H), 4.29-4.23 (m, 2H, 15-H, 16-H) H, 6.16; Fe, 10.35; N, 2.60; S, 11.89. Found C, 60.38, H 6.10, Fe, 10.21 , N, 2.72, S, 11.67%.
1-((1S
Enantioselective addition of dialkylzinc to aldehyde in presence of ligands 11-14. General procedure To a solution of 6 ml hexane or toluene and ligand 11-14 (3 mol. %) Et 2 Zn (5.67 mmol of 1 M solution in hexane) was added dropwise at -10°C. The mixture was stirred for 30 min at -10°C and then PhCHO (2.83 mmol) was added at -20°C. The reaction was stirred at R.T. and monitored by TLC (petroleum: Et 2 O = 4:1) until the PhCHO was consumed. The mixture was quenched (aq. NH 4 Cl), extracted with Et 2 O (3×20 ml) and dried. After evaporation of the solvent the crude 1-phenyl-1-propanol was purified by column chromatography (petroleum/Et 2 O = 5:1). 
